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ABSTRACT 

The r e s e a r c h  and development  l e a d i n g  t o  and i n c l u d i n g  t h e  

f a b r i c a t i o n  of a working  l a b o r a t o r y  mode? of an  ii-iiterna? r e s t r a i n t  

s y s t e m  f o r  use i n  an  I n t e g r a t e d  P r e s s u r e  S u i t  System i s  p r e s e n t e d  i n  

t h i s  r e p o r t .  The sys t em p r o v i d e s  a c c e l e r a t i o n  p r o t e c t i o n  and t h e r m a l  

c o n t r o l  by means of f l u i d - f i l l e d  b l a d d e r s ,  The t h e r m a l  t r a n s p o r t  

s y s t e m  i s  d e s i g n e d  t o  remove at least 2,500 B t u / h r  m e t a b o l i c  h e a t  f rom 

t h e  o c c u p a n t .  R e s u l t s  of s t u d i e s  conducted  t o  d e t e r m i n e  t h e  p h y s i c a l  

l o a d s  imposed on  t h e  r e s t r a i n t  sys t em under  a c c e l e r a t i o n  f i e l d s  of 

230 Gx; +20 GZ; -10 G and 5 1 5  G 
z Y 

are i n c l u d e d .  
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INTRODUCTION 

I n c r e a s i n g  requi rements  f o r  p r o t e c t i o n  of  a s t r o n a u t s  and p i l o t s  i n  
h i g h  performance ae rospace  v e h i c l e s  p o i n t s  o u t  t h e  need for prov id ing  

a b e t t e r  means of p r o t e c t i o n  i n  h i g h  mechanical and thermal  stress envi ron-  

ments. The development of an i n t e r n a l  r e s t r a i n t  system f o r  use i n  an 

i n t e g r a t e d  p r e s s u r e  s u i t - r e s t r a i n t  h a r n e s s  system i s  another  s t e p  towards 

meet ing  t h e s e  requi rements .  T h i s  r e p o r t  d e s c r i b e s  t h e  i n v e s t i g a t i o n ,  

d e s i g n ,  t e s t i n g  and f a b r i c a t i o n  necessa ry  t o  deve lop  a working l a b o r a t o r y  

model of t h e  I n t e r n a l  R e s t r a i n t  System. 

The I n t e r n a l  R e s t r a i n t  System i s  composed of a l i q u i d  f i l l e d  garment 

system o r  garment and a s e p a r a t e  a u x i l i a r y  system. The garment i s  worn 

under  t h e  I n t e g r a t e d  R e s t r a i n t  P r e s s u r e  S u i t  System and c o n t a i n s  two 

subsystems,  t h e  c o o l i n g  system and t h e  r e s t r a i n t  system. The a u x i l i a r y  

system p r o v i d e s  t empera tu re  c o n t r o l  and a means of va ry ing  t h e  volume and 

p r e s s u r e  of t h e  I n t e r n a l  R e s t r a i n t  System. I t  i s  composed of  a pump, h e a t  

exchanger ,  r e f  r i g e r a t i o n  system, h e a t e r ,  r e s e r v o i r  and t h e  necessary  

c o n t r o l s  t o  r e g u l a t e  t h e  coo lan t  system temperature .  I t  i s  des igned  t o  

c i r c u l a t e  t h e  f l u i d  of  t h e  c o o l a n t  system at  a cont inuous  one g a l l o n  

p e r  minute  f low a t  any selected tempera ture  from 35' t o  8j0 F. 

i 
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1.0 INVESTIGATION 

A l i t e r a t u r e  survey and review o f  p e r t i n e n t  systems was completed 

t o  de t e rmine  r equ i r emen t s  f o r  an  i n t e r n a l  r e s t r a i n t  system t h a t  would 

p rov ide  bo th  a c c e l e r a t i o n  p r o t e c t i o n  and thermal  t r a n s p o r t .  F u n c t i o n a l  

requirements  established as pr imary o b j e c t i v e s  were ( 1) suppor t  and 

r e s t r a i n t  d u r i n g  impact a c c e l e r a t i o n ,  ( 2 )  suppor t  and r e s t r a i n t  d u r i n g  

maneuvering and v i b r a t i o n  acceleration, and ( 3 )  removal of me tabo l i c  

heat ( t h e r m a l  t r a n s p o r t ) .  Various methods of s a t i s f y i n g  these r equ i r emen t s  

were exp lo red  and t h e  r e s u l t s  of  t h i s  e f f o r t  i s  p re sen ted  i n  t h e  f o l l o w i n g  

pa rag raphs  . 

1.1 SUPPORT AND RESTRAINT REQUIREMENTS 

Based on NSL's e x p e r i e n c e  and t h e  l i t e r a t u r e  survey,  t h e  f o l l o w i n g  

r equ i r emen t s  f o r  an  e f f i c i e n t  and s e r v i c e a b l e  s u p p o r t - r e s t r a i n t  system 

were r e a l i z e d .  
1. Comfortably suppor t  and r e s t r a i n  a crew m e m b e r  d u r i n g  normal 

o p e r a t i o n  wi thou t  i n t e r f e r i n g  w i t h  t a s k  performance. 

2. A t t e n u a t e  v i b r a t i o n  ampl i tudes  at v a r i o u s  f r e q u e n c i e s  t o  make 

them t o l e r a b l e  o r  n o n - i n t e r f e r i n g .  

3. P r o v i d e  p r o t e c t i o n  a g a i n s t  l ong  d u r a t i o n  a c c e l e r a t i o n  a s s o c i a t e d  

wi th  l a r g e  v e l o c i t y  changes. 

4 .  Prov ide  a high d e g r e e  of  p r o t e c t i o n  d u r i n g  impact a c c e l e r a t i o n s .  

5. Be compatible  w i t h  o t h e r  systems and mis s ion  requirements .  

1.1.1 Comfort 

Comfort i s  i n t e r p r e t e d  i n  t h e  p h y s i c a l  s e n s e  t o  mean t h a t  no 

p h y s i c a l  d i s c o m f o r t  w i l l  b e  imposed by p r e s s u r e  p o i n t s ,  o r i e n t a t i o n ,  or 

d i s t o r t i o n  of body segments, etc.  T h i s  r e q u i r e s  good environmental  c o n t r o l ,  

proper  s i z i n g ,  load d i s t r i b u t i o n ,  and o r i e n t a t i o n  t o  mechanical f o r c e  

f i e l d s .  
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1.1.2 V i b r a t i o n  

V i b r a t i o n ,  e s p e c i a l l y  d u r i n g  launch and perhaps  d u r i n g  phases  of 

g l i d e  r e e n t r y ,  r e q u i r e s  some a t t e n u a t i o n  t o  p r o t e c t  t h e  crew members. 

T h i s  a t t e n u a t i o n  may p r e s e n t  problems. Coermann (1) i n  v i b r a t i n g  human 

s u b j e c t s  +-Gz i n  t h e  sup ine  p o s i t i o n  showed t h a t  t h e  s o f t  t i s s u e  complexes, 

such as t h e  abdomino-thorax system, have a resonant  f requency of about  3 cps  

and t h a t  r e s t r a i n t  of t h i s  system s h i f t s  the  f requency  response upward t o  

about  7 cps.  Later, Coermann ( 2 )  p o i n t s  out t h a t  r e s t r a i n t  of t h e  s o f t  

abdomino-thorax system, t o  avoid excess ive  organ d isp lacement  and r u p t u r e  

of l i gamen t s  due  t o  hard impacts ,  w i l l  resul t  i n  a h i g h e r  t r a n s m i t t e d  

a c c e l e r a t i o n .  Thus w i t h  v i b r a t i o n  i n p u t  and r e s t r a i n t  f o r  impact such as 

wi th  a seated s u b j e c t ,  t h e  v i b r a t i o n a l  a c c e l e r a t i o n s  i n  t h e  z a x i s  are 

i n c r e a s e d  at t h e  head. T h i s  r a t h e r  d e f i n e s  t h e  o p p o s i t e  sides of t h e  

problem of comfort  d u r i n g  v i b r a t i o n  v e r s u s  s u r v i v a l  d u r i n g  impact.  The 

view of Coermann ( 2 )  t h a t :  "S ince  s u b j e c t i v e  t o l e r a n c e  t o  s i n u s o i d a l  v i b r a -  

t i o n  i s  a l s o  due t o  e x c e s s i v e  t i s s u e  displacement  and head a c c e l e r a t i o n ,  

i t  can be  expected t h a t  any p r o t e c t i v e  measure which improves t h e  t o l e r a n c e  

t o  v i b r a t i o n  w i l l  a l s o  improve t h e  t o l e r a n c e  t o  impact , "  i s  cons idered  t o  

be t o o  broad and even c o n f l i c t s  w i t h  h i s  own obse rva t ions .  

V i b r a t i o n  i n  t h e  t r a n s v e r s e  d i r e c t i o n  (+_Gx, +,G 1, as shown i n  
Y 

r e f e r e n c e  3 ,  h a s  been s t u d i e d  us ing  human s u b j e c t s  t o  a l i m i t e d  degree  and 

then w i t h  l i m i t e d  areas cf f c r c e  i n p e t ,  s ~ h  as the feet  and the seat. This  

type  of i n p u t  g i v e s  rise t o  t r a n s v e r s e  s tanding  waves wi th  nodal p o i n t s .  

What t h e  i n f l u e n c e  of g r e a t e r  areas of con tac t  of t h e  f o r c i n g  i n p u t  w i l l  

have upon t h e  t o l e r a n c e  l e v e l s  w i l l  depend upon many f a c t o r s ,  as shown by 

Roman ( 4 ) .  F r a s e r  (5) w a s  concerned wi th  the  performance of crew members 

under v i b r a t i o n a l  environment and found decreased t r a c k i n g  performance 

r e l a t e d  p r i m a r i l y  t o  t h e  ampli tude of  v i b r a t i o n  modif ied by a f r a c t i o n a l  

exponent o f  f requency.  

T h i s  b r i e f  review of t h e  effects  of v i b r a t i o n  i n d i c a t e s  t h a t  

a t t e n u a t i o n  of v i b r a t i o n  f o r  comfort  and f o r  t a s k  performance w i l l  be 
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necessa ry  depending upon t h e  v i b r a t i o n a l  environment.  However, any 

a t t e n u a t i o n  should be cons ide red  as p o s s i b l y  n o n - d e s i r a b l e  d u r i n g  impact 

and should be f u l l y  e v a l u a t e d  d u r i n g  s u i t  t e s t i n g  f o r  i t s  p o s s i b l e  

amplifying e f f e c t  of G l o a d s  on t o l e r a n c e  and s u r v i v a l .  

1.1.3 A c c e l e r a t i o n ,  Long Dura t ion  

The area of l ong  d u r a t i o n  a c c e l e r a t i o n s  ( a c c e l e r a t i o n s  l o n g e r  than  

0.3 seconds) i s  covered by many reviews i n  g e n e r a l ,  but  s p e c i f i c  new areas 

of i n t e r e s t  are gene ra t ed  by t h e  p o t e n t i a l  g l i d e  r e e n t r y  of space v e h i c l e s  

as d i s c u s s e d  by Thompson ( 6 ) .  Under c e r t a i n  desirable  r e e n t r y  a n g l e s ,  

a p i l o t  i n  a r a t h e r  conven t iona l  s e a t e d  arrangement might be s u b j e c t e d  t o  

a c c e l e r a t i o n  l o a d s  which would have vector components up t o  + 6  G 

l a s t i n g  f o r  many seconds.  Creer ( 7 )  conducted t e s t s  on t h e  c e n t r i f u g e  

i n  a s imula t ed  r e e n t r y  maneuver and summarized: " tes t s  i n d i c a t e d  tha t  

a p i l o t  could adequa te ly  c o n t r o l  t h e  s imula t ed  e n t r y  v e h i c l e  w h i l e  immersed 

i n  a 14 G ' e y e b a l l s - i n '  a c c e l e r a t i o n  f i e l d  f o r  two minutes,lI but  h e  a l s o  

noted some r e d u c t i o n  i n  t h e  t r a c k i n g  performance i n  t h e  ' e y e b a l l s - o u t 1  

o r i e n t a t i o n .  I n  t h e s e  s t u d i e s ,  t h e  s u i t  w a s  e s p e c i a l l y  des igned  t o  

provide e s s e n t i a l l y  f u l l  suppor t  and r e s t r a i n t  even t o  t h e  fac ia l  t i s s u e s .  

T h i s  would i n d i c a t e  equal  area coverage may be r e q u i r e d  i n  any s u i t - r e s t r a i n t -  

support  system. Probably a n t i - g  s u i t  p r o v i s i o n s  w i l l  need t o  be made t o  

combat the + G  v e c t o r  component of s u c h  a r e e n t r y  a c c e l e r a t i o n  p r o f i l e .  

Many problems o f  i n t e g r a t i o n  of v a r i o u s  components of t h e  s u i t - r e s t r a i n t  

-support  and l i f e  suppor t  systems remain t o  be r e so lved  f o r  t h e  b e s t  

t a s k  performance under long  te& a c c e l e r a t i o n .  

and -9 Gx 
Z 

Z 

1.1.4 A c c e l e r a t i o n ,  Impact 

T o l e r a n c e  and s u r v i v a l  of t h e  human t o  impact a c c e l e r a t i o n s  

are items of even g r e a t e r  concern t o  d e s i g n e r s  o f  manned ae rospace  

v e h i c l e s ,  e. g. ,  d u r i n g  r e e n t r y  and l a n d i n g  o f  space  c a p s u l e s ,  t h e  

o n s e t  rate t o  m a x i m u m  G and t h e  p o s s i b l e  o r i e n t a t i o n  t o  t h e  f o r c e  v e c t o r ( s 1  

are f a c t o r s  which may p r e s e n t  s e v e r e  d e s i g n  requirements .  I f  t h e  p r a c t i c a l  

parameters  of 1,000 G/sec o n s e t  t o  20 G max are g iven  f o r  man w h i l e  t h e  

v e h i c l e  e x p e r i e n c e s  3,000 G/sec o n s e t  t o  30 G t h e n  t h e r e  must be provided 

an  a t t e n u a t o r  d e v i c e  which w i l l  r e q u i r e  space  w i t h i n  t h e  v e h i c l e .  However, 
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t h e  problem of  o r i e n t a t i o n  of the crew members t o  any one of a v a r i e t y  of 

impact l o a d s ,  which may be r e p e a t e d ,  poses  the  q u e s t i o n  as t o  t h e  c o n t a i n -  

ment and a l s o  t h e  q u e s t i o n :  what happens when t h e  d e s i g n  l i m i t s  are 

exceeded and the a t t e n u a t o r  Itbottoms out?"  Perhaps through b e t t e r  

COnKainment and o r i e n t a t i o n  h i g h e r  i m p a c t  can be t o i e r a t e d  and survived.  

Snyder  (81,  i n  a r e c e n t  p u b l i c a t i o n  has  r epor t ed  d a t a  on 137 cases 

of i n d i v i d u a l s  who have su rv ived  extremely a b r u p t  impacts  i n  f r e e - f a l l s .  

Although h e  r e p o r t s  a l a c k  of in fo rma t ion  concerning pathology i n c u r r e d  

i n  i n t e r n a l  o r g a n s  ( s u r v i v a l ) ,  he  states i n  summary: I I I t  h a s  been shown t h a t  

humans have su rv ived  impact f o r c e s  cons ide rab ly  g r e a t e r  t han  t h o s e  p r e -  

v i o u s l y  b e l i e v e d  t o l e r a b l e . "  From the a n a l y s i s  of t h e s e  f ree- fa l l  impacts  

and t h e  r a t h e r  e x t e n s i v e  l i t e ra ture  review, Snyder w a s  s eek ing  " c l u e s  o r  

p a t t e r n s  which can open new approaches t o  t h e  p r o t e c t i o n  of t h e  body 

d u r i n g  h i g h  d e c e l e r a t i v e  forces.Il  

Mayo (91 ,  i n  reviewing NASA impact work and p l a n s ,  p o i n t s  t o  t h e  

"normaltI o p e r a t i o n  from t h e  s t a n d p o i n t  of impact as w e l l  as t h e  o t h e r  

loads; and t h e  second d i v i s i o n  of emphasis having " t o  do w i t h  what happens 

when t h i n g s  go bad." H e  s ta tes ,  " t h e  problem i s  t o  d i s c o v e r  what t h e  man 

can t o l e r a t e  i n  o r d e r  t o  save  h i s  l i f e .  I n  th is  i n s t a n c e  w e  have no 

h o l d s  b a r r e d ,  so t o  speak,  i n  e x p l o r i n g  t h e  maximum c a p a b i l i t i e s  of 

sIvi"= e I m2II." 

S t a p p ( l o ) ,  u s i n g  men as s u b j e c t s  t o  e s t a b l i s h  t o l e r a n c e  l i m i t s  and 

an ima l s  (chimpanzees and hogs) t o  e s t a b l i s h  s u r v i v a l  l i m i t s ,  found t h a t  

both o r i e n t a t i o n  and containment ,  i n  a d d i t i o n  t o  t h e  d e c e l e r a t i o n  p r o f i l e s ,  

were v e r y  impor t an t  f a c t o r s  i n  e s t a b l i s h i n g  t h e s e  l i m i t s .  I n  t h e  hog 

expe r imen t s ,  t h e  s u r v i v a l  s u b j e c t s  were s a c r i f i c e d  and t h e  v i s c e r a l  

pa tho logy  which w a s  i n c u r r e d  w a s  determined. May q u e s t i o n s  remain s ince 

(a)  t h e  o r i e n t a t i o n s  were l i m i t e d  t o  forward, rearward and footward 

p r e s e n t a t i o n  t o  t h e  d e c e l e r a t i v e  f o r c e ,  ( b )  t h e  suppor t  w a s  non-contoured 

t o  the hog, and ( c )  t h e  r e s t r a i n t s  were l i m i t e d  t o  a i r c r a f t - t y p e  r e s t r a i n t s -  

i n c l u d i n g  l e g  s t r a p s .  However, t h i s  p ionee r  work d e f i n i t e l y  shows a c o r r e l a -  

t i o n  between i n c r e a s e d  s u r v i v a l  l i m i t s  and improved s u p p o r t - r e s t r a i n t  systems. 
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The r e p o r t s  and op in ions  of t h e  above r e fe renced  a u t h o r s  8 ,  9 ,  10,  

show t h e  need f o r  more c o n c i s e  informat ion .  Lombard (11, 12,  13) h a s  shown 

n o t  only t h e  importance of c o n s i d e r i n g  t h e  overal l  spectrum of t o l e r a n c e  

and s u r v i v a l  l i m i t s ,  bu t  also t h e  detai ls  of t h e  areas of ana tomica l  and 

phys io log ica l  ICin jury1 '  as related t o  o r i e n t a t i o n  and containment.  S tapp  

( 1 4 ) h a s  shown the importance of t h e  d e t a i l s  of containment  as related t o  

t h e  s u r v i v a l  of chimpanzees d u r i n g  exposure  t o  +_G up t o  100 G a t  o n s e t  

rates as h i g h  as 36,000 G/sec. Lombard (15)  h a s  shown f u r t h e r  d e t a i l s  

on t h e  c o r r e l a t i o n  of i n j u r y / s u r v i v a l  w i t h  h igh  impact  loads and rates 

of o n s e t ;  and Containment and o r i e n t a t i o n .  S i g n i f i c a n t  f i n d i n g s  were: 

X 

a. Animals exposed r igh t  o r  l e f t  s ide forward (+_G 1 are i n  an  

e q u a l l y  good i f  no t  b e t t e r  o r i e n t a t i o n  f o r  s u r v i v a l  t h a n  t h o s e  i n  a 

forward o r  rearward f a c i n g  (+G 1 o r i e n t a t i o n  b u t  o n l y  i f  they  are i n  

a f u l l y  contoured  s u p p o r t - r e s t r a i n t  system. 

Y 

X 

b. R e s t r a i n t  and s u p p o r t  of t h e  head i s  necessary  but  must be 

done wi th  c a r e f u l  c o n s i d e r a t i o n  of several mechanisms of i n j u r y  of t h e  

c e n t r a l  nervous  system. The head must be r e s t r a i n e d  at a r i g h t  a n g l e  t o  

t h e  s p i n a l  a x i s ,  b u t  no t  t i g h t l y ,  and some padding must be provided to  

prevent  c e r e b r a l  damage. 

c .  The problem of s u p p o r t - r e s t r a i n t  f o r  t h e  t h o r a x  and abdomen 

appears  t o  be a g a i n  one of contour ing .  Using a f l a t  suppor t  and backward 

f a c i n g  (+G 1, e i g h t  o u t  of n i n e  ( g u i n e a  p i g )  s u b j e c t s  were f a t a l l y  i n j u r e d  

as opposed t o  1 o u t  of 33 w i t h  t h e  contoured  support .  The 33 tes t s  inc luded  

l o n g i t u d i n a l  con tour ing  i n  the neck area v e r s u s  non-contouring. The 

pathology i n c u r r e d  wh i l e  u s i n g  t h e  f l a t  s u p p o r t  i n  t h e  + G  o r i e n t a t i o n  

w a s  r u p t u r e  of t h e  stomach, t e a r i n g  of mesen te r i e s ,  hemorrhagic  areas 

i n  t h e  l u n g s ,  and hemorrhage over v a r i o u s  s u r f a c e  areas of t h e  b r a i n ,  bu t  

more f r e q u e n t l y  on t h e  v e n t r a l  s u r f a c e .  

X 

X 

d. The s u r v i v a l  of gu inea  p i g s  t o  impact  a c c e l e r a t i o n s  can  be 

g r e a t l y  i n c r e a s e d  by p rope r  o r i e n t a t i o n  and containment  and i s  much h i g h e r  

t h a n  r e p o r t e d  by Richmond ( 1 6 ) .  

1.1.5 C o m p a t i b i l i t y  

C o m p a t i b i l i t y  of t h e  s u p p o r t - r e s t r a i n t  system wi th  o t h e r  systems 

and mission requi rements  can be achieved o n l y  by very c a r e f u l  s t u d y  of 
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. 
i n d i v i d u a l  component i n t e r f a c e s  o f  e a c h  system and t h e  i n t e g r a t e d  pe r -  

' formance of  a l l  components, i n c l u d i n g  t h e  crew member, t o  meet t h e  mis s ion  

requirements .  Each p o t e n t  i a1 component of t he  support  - rest rai  n t  - s u i t  - re s t  rain t 

system and i n t e r n a l  environmental  c o n t r o l  system was examined t o  de t e rmine  

any common p r o p e r t i e s  o f  p o t e n t i a l  components which can  be u t i i i z e a  t o  

serve more t h a n  one purpose o r  f u n c t i o n ,  such as t h e  s u i t  a l s o  s e r v i n g  as 

a thermal t r a n s p o r t  garment. T h i s  r e q u i r e d  a c r o s s  check a n a l y s i s  t o  

d e t e r m i n e  t h e  most e f f i c i e n t  i n t e g r a t i o n  of materials t o  p rov ide  f o r  suppor t -  

r e s t r a i n t  and thermal  t r a n s p o r t  w i thou t  i n t e r f e r i n g  w i t h  comfort  of t h e  wearer 

and h i s  m o b i l i t y .  

1.2 SUPPORT- RESTRAINT SYSTEM 

I n f o r m a t i o n  was compiled on t h e  phys ica l  l o a d s  imposed on t h e  i n t e r n a l  

r e s t r a i n t  system by v a r i o u s  body masses of  a 9 5 t h  p e r c e n t i l e  man under  

a c c e l e r a t i o n  f i e l d s  of +30G * +20Gz; and +15G e.g. ,  l oad  v e c t o r s  f o r  

body components shown i n  ASD TR-61-546 (171,  t h e  work of  Dempsey (181, and 

Vykukal ( 19 1. 

X' Y )  

A s  d i s c u s s e d  p r e v i o u s l y ,  c o n t o u r i n g  c e r t a i n  areas wi th  padding i s  

e s s e n t i a l  f o r  t o l e r a n c e  and s u r v i v a l  d u r i n g  impact i n  +_G and +G 

o r i e n t a t i o n s  and a t t e n u a t i o n  of  v i b r a t i o n  i s  e s s e n t i a l  f o r  comfort  and 

t a s k  performance. To meet bo th  of t h e s e  requirements  w i t h  minimal mass 

and volume and t o  c o n s i d e r  the s i z i n g  problem as w e l l ,  ,pad systems 

were e v a l u a t e d  f o r  u se  w i t h  the s p e c i f i e d  s u i t .  

X Y 

F l u i d  f i l l e d  b l a d d e r s  i n  s u p p o r t - r e s t r a i n t  systems,  e s p e c i a l l y  t h o s e  

w i t h  l i m i t - s t r e t c h ,  have been advocated by C. F. Lombard s i n c e  h i s  

p r e s e n t a t i o n  on t h i s  s u b j e c t  t o  Major S t a n  White and h i s  s t a f f  a t  NASA/MSC 

Langley F i e l d  e a r l y  i n  1959. Subsequent ly ,  Lombard (201, under c o n t r a c t  w i t h  

t h e  A i r  Fo rce ,  showed t h e  p o t e n t i a l  of t h i s  system f o r  p r o t e c t i o n  d u r i n g  impact 

by i n  v i t r o  expe r imen t s  u s i n g  a 1 / 5  scale manikin. I n  company sponsored 

research a t  NSL, Thiede ( 2 1 )  showed, by i n  v i v o  expe r imen t s  u s i n g  gu inea  P i g s ,  

t h a t  t h e  f l u i d - f i l l e d  l i m i t - s t r e t c h  b l adde r  p r i n c i p l e  can be used f o r  

p r o t e c t i o n  a g a i n s t  impact i n  t h e  5 G  and +_G o r i e n t a t i o n s  w i t h  some b e n e f i t s  

i n  t h e  +G o r i e n t a t i o n .  Th iede  showed t h a t  b l a s t  i n i u r i e s  were produced i n  

s u b j e c t s  f u l l y  immersed i n  a water f i l l e d  c o n t a i n e r  d u r i n g  impact d e c e l e r a t i o n .  

Y X 

z 
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Consequently,  i t  w a s  determined t ha t  p r o p e r l y  c o n s t r u c t e d  f l u i d  f i l l e d  b l a d d e r s  

could be used i n  a s u p p o r t - r e s t r a i n t  system t o  p rov ide  c o n t o u r i n g  and s i z i n g  

f o r  i m p a c t  p r o t e c t i o n  as w e l l  as some a t t e n u a t i o n  of  f o r c e .  These same b l a d d e r s  

or f l u i d - f i l l e d  d e v i c e s  could be used f o r  t h e  l i q u i d  thermal  t r a n s p o r t  system. 

1.3 THERMAL TRANSPORT SYSTEM 

Thermal t r a n s p o r t  i n  a f u l l  p r e s s u r e  s u i t ,  such as t h e  Mark I V  of t h e  

USN and the  s u i t  f o r  P r o j e c t  Mercury, u t i l i z e d  a h i g h  f l o w  rate of r e l a t i v e l y  

dry, cool a i r  p a s s i n g  between the s u i t  and t h e  o c c u p a n t ' s  body. I n  such a 

system, the occupant  had t o  p e r s p i r e  p r o f u s e l y  t o  accomplish t h e  h e a t  t r a n s f e r  

from the  body t o  t h e  air. 

A thermal t r a n s p o r t  system u s i n g  c i r c u l a t i n g  f l u i d  i n  t u b e s  i n  the 

undergarment w a s  developed by Northrop,  under  c o n t r a c t ,  i n  1962 ( 2 2 ) .  The 

requirement f o r  t h e  use  of a f l u i d  thermal  t r a n s p o r t  system had been shown 

e a r l i e r  by Belasco (231,  b u t  was n o t  accomplished. A t  t h i s  t i m e ,  however, the 

development of water cond i t ioned  s u i t s  w a s  proceeding i n  England, t h e  r e s u l t s  

be ing  pub l i shed  i n  1964 ( 2 4 ) .  Add i t iona l  s t u d i e s  on t h e  use of  t he rma l  

t r a n s p o r t  by c i r c u l a t i n g  f l u i d  are c u r r e n t l y  b e i n g  conducted by and f o r  

NASA/MSC f o r  u se  i n  t h e  e x t r a v e h i c u l a r  p r o t e c t i v e  garments f o r  p r o j e c t s  such 

as Gemini and Apollo. More i n v e s t i g a t i o n  i s  needed t o  de t e rmine  t h e  best  

manner i n  which t o  u s e  t h i s  means of thermal t r a n s p o r t  s i n c e  t h e  thermo- 

r e g u l a t o r y  mechanisms of t h e  body may alter blood f l o w  unpredicably.  
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2.0 ANALYSIS 

I n v e s t i g a t i o n  r e v e a l e d  tha t  u t i l i z a t i o n  of l i m i t - s t r e t c h  f l u i d - f i l l e d  

b l a d d e r s  would p r o v i d e  t h e  d u a l  requirement f o r  t h e  I n t e r n a l  R e s t r a i n t  

System of the rma l  t r a n s p o r t  and a c c e l e r a t i o n  p r o t e c t i o n .  A d i s c u s s i o n  of 

t h e  c o o l a n t  system and t h e  r e s t r a i n t  system requ i r emen t s  i s  p resen ted  i n  t h e  

f o l l o w i n g  pa rag raphs .  

2.1 COOLANT SYSTEM 

2.1.1 P h y s i o l o g i c a l  Aspect 

Man i s  homeothermic, i n  t ha t  he i s  capab le  of ma in ta in ing  a r e l a t i v e l y  

c o n s t a n t  t e m p e r a t u r e  i n s p i t e  of w i d e  v a r i a t i o n s  i n  su r round ing  environmental  

t empera tu res .  Man's normal o r  I1core1' temperature  refers t o  t h e  t empera tu re  

of  t i s s u e s  l y i n g  deep w i t h i n  t h e  abdomen, t h o r a x  and head, I t  i s  g e n e r a l l y  

measured o r a l l y  o r  r e c t a l l y .  The c o r e  t empera tu re  v a r i e s  from t h a t  of t h e  

s u p e r f i c i a l  t i s s u e s  such as t h e  s k i n  and muscles of t h e  l imbs .  Core temper- 

a t u r e  of man a t  rest i s  97 

r ange  i n  which man can work e f f i c i e n t l y  i s  approximately 96.8 

(36O t o  39.5 C) (26) .  To remain wi th in  t h e s e  l i m i t s ,  a ba lance  i s  main- 

t a i n e d  between t h e  h e a t  p r o d u c t i o n  and hea t  loss  mechanisms of t h e  body. 

k a t  p r o d u c t i o n  resuits f rorn m e t a b o l i c  a c t i v i t i e s ,  exere; LL-I&, disease 2nd 

env i ronmen ta l  temperature .  Under r e s t i n g  c o n d i t i o n s ,  h e a t  p roduc t ion  i s  

1.8 Btu p e r  pound ( o n e  Kcal p e r  Kg.) of body weight  p e r  hour  ( 2 5 ) .  Heat 

i s  l o s t  by r a d i a t i o n ,  conduc t ion ,  convect ion and evapora t ion .  The s k i n  p l a y s  

a ma jo r  r o l e  i n  m a i n t a i n i n g  t h i s  ba l ance  and acts as a h e a t  exchanger  

between t h e  deep t i s s u e s  of the body and the  e x t e r n a l  environment. The 

most e f f e c t i v e  system f o r  t he rma l  t r a n s p o r t  u s e s  a conduc t ive  pathway t o  

c a r r y  heat from t h e  body. 

0 t o  99.5O F (36' t o  37.5O C )  ( 2 5 ) .  The t empera tu re  
0 t o  103.1O F 

0 

2.1.2 Thermal Requirements 

The thermal system (see F i g u r e  1) i s  based on a con t inuous  f l o w  o f  

water through the i n t e r n a l  r e s t r a i n t  b l adde r s ,  d u r i n g  bo th  t h e  loaded and  

unloaded c o n d i t i o n s .  I n  t h e  unloaded p o s i t i o n ,  t h e  g a s  v e n t i l a t i o n  system 

c o n t r o l s  t h e  i n s e n s i b l e  p e r s p i r a t i o n  and is c a p a b l e  of removing 300 B t u / h r  

of  heat. 
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RESTRAINT BLADDER AREA 

Areaa approximated from the following mearurements: 
Area 1 - (Upper torso) chest 43.2 in; wairt 31.7 in.; calculation based on a 

Area 2 - (Upper 
Area 3 - (Thighs) Upper circ. of 25.3 in. 

2 Area = 614 in. frurtum of a right cone between rhoulderr and waist. 

cylinder. Area = 72.5 in2. 
12.5 in. circ. x 5 in. long. Calculations based on a right 

Lower circ. of 19.6 in. and a length 
of 11. in. Area = 248 in2. 

Restraint & Cooling Bladder 

Restraint 6 Cooling Bladder 

Restraint 6 Cooling Bladder 

1 x Area 1 = 614 in 2 
2 x Area 2 = 1 G S  !n 2 
2 x Area 3 = 496 in 2 

_- 
Total Restraint and 
Cooling Bladder Area 

=1255 in2 

FIGURE 1 RESTRAINT BLADDER AREA 
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L 
Thermal sys tem maximum c a p a c i t y  = 2500 Btu /h r  

The system change of tempera ture  ( T I  of 5 

p r o v i d e  t h e  optimum p h y s i o l o g i c a l  comfort. 

- = 500 l b / h r  System f l o w  = - - T 

With water d e n s i t y  a t  8 . 3  l b s / g a l  

System f l o w  = - 500 
8 . 3  

0 
F was dec ided  upon t o  

B tu /h r  2500 B t u / h r  
5 O  F 

= 60 g a l / h r  o r  1 gal /min 

0 Assuming a minimum s k i n  tempera ture  of  75 F ,  and maximum water t empera tu re  

of 40° F ,  t h e  thermal  c o n d u c t i v i t y  ( K )  of 1/8  i n c h  of  material between t h e  s k i n  

and water would be  as fo l lows:  

2,500 B t u / h r  x .0104 f t  
8.68 f t"(75O F - 40' F )  K =  

where q = 2500 Btu /h r  

d = 1/8 i n .  ( .0104 f t )  

A = 1250 i n c h e s  (8.68 f t 2  1 

T1= 75 F (Sk in  temp.) 

T2= 40 F (Water temp.) 

0 

0 

2 . 2  RESTRAINT SYSTEM 

The r e s t r a i n t  system i s  a load  a t t e n u a t i o n  system des igned  t o  r e s t r a i n  

and p r o t e c t  t h e  wearer d u r i n g  long  d u r a t i o n  a c c e l e r a t i o n s  and t o  p rov ide  a 

h igh  degree  of p r o t e c t i o n  d u r i n g  impact  a c c e l e r a t i o n .  

2.2.1 P h y s i o l o g i c a l  Aspect 

By r equ i r emen t s ,  the f o r c e  fields t h a t  the wearer iiiaj; be exposed to 

are 230 Gx, 515 G 

containment  of t h e  wearer i n  a manner which w i l l  r e s t r a i n  t h e  maximum mass 

and spread  t h e  imposed l o a d s  ove r  a maximum area, p r e v e n t i n g  d i s t o r t i o n  of 

t h e  body. 

+20 G Z ,  and -10 GZ.  To t o l e r a t e  t h e s e  l o a d s  r e q u i r e s  
Y Y  

The use  of water as a suppor t  m e d i u m ,  as i n  f u l l  f l u i d  immersion p r e s e n t s  

t h e  dange r  of su r round ing  t h e  body w i t h  a n  incompress ib l e  f l u i d ,  which de- 

pending upon t h e  pressure-volume r e l a t i o n s h i p  could  c r u s h  t h e  c h e s t  of  t h e  

occupant  d u r i n g  h i g h  -G l oads .  The method of  u s ing  a system of  l i m i t - s t r e t c h  

b l a d d e r s  between t h e  man and t h e  e x t e r n a l  p r e s s u r e  s u i t  p r e v e n t s  t h i s  by 

g i v i n g  suppor t  t o  t h e  body by Archimedes p r i n c i p l e  wi thout  t h e  f l u i d  c o n t a c t  

( F i g u r e  2 ) .  S i n c e  t h e  system must f i t  d i f f e r e n t  s i z e d  people ,  some method 

of ad jus tmen t  must be u t i l i z e d .  Wi th in  des ign  l i m i t s  t h e  s i z i n g  can be 

accomplished by a l t e r a t i o n  of t h e  deg ree  of f i l l i n g  of t h e  b l a d d e r  system. 

Z 
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2.2.2 Load Requirements 

A c c e l e r a t i o n  F i e l d s :  t30 Gx, +20 GZ, -10 GZ, 215 G 

Body Segment Weight D i s t r i b u t i o n :  
Y 

Neck t o  waist (18%) 36 pounds 

P e l v i c  area (28%) 50 pounds 

Upper arm (3 .3%)  7 pounds 

Thigh ( 10.7%) 21 pounds 

Lower l e g  (4.8%) 10 pounds 

The a n t i c i p a t e d  u n i t  load requirements  on t h e  p r e s s u r e  s u i t  are 

determined by m u l t i p l y i n g  t h e  body segment weight times t h e  a c c e l e r a t i o n  

and d i v i d i n g  by t h e  body segment p r o j e c t e d  area ( F i g u r e  3 ) .  A s a f e t y  

f a c t o r  of 2 i s  used t o  g i v e  t h e  occupant  maximum s a f e t y .  

S u i t  l oad  - 2 W G 

i n t e n s i t y  
- 

A 

Segment 

Neck t o  waist 

Neck t o  waist 

Upper arm 

Thigh 

Thigh 

A c c e l e r a t i o n  D i  rect i o n  S u i t  Load I n t e n s i t y  

+ G  12 p s i  - x  
+G 8 p s i  
- Y  

30 g +Gx 18 p s i  

-G 5 p s i  

20 g +Gz - 11 p s i  

30 g 

15 g 

10 g Z 



Area 2 

4 10.4 5.00 7 
I 1 I ,  

12.8 Average 14.00 

Body segment pro-llccted areas  
for t ransverse  t Gx loading 

2 Area 1 (Neck t o  wais t )  = 12.8 x 14.0 = 179 i n  

Area 2 (Neck t o  waiat) = 9.9 x 14.00 = 138.6 i n  
Area 3 (Upper arm) = 4.6 x 5.0 = 23.0 i n  

2 

2 

Other projecccd areas  used i n  t h i a  report  a r e  calculated by 
t h e  same method ma rhown above. 

FIGURE 3 LOAD REQUIREMENTS 
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3.0 DESIGN 

3.1 GARMENT 

The garment i s  a suppor t ing  f a b r i c  medium c o n t a i n i n g  t h e  coo lan t  t u b e s  

and t h e  r e s t r a i n t  b l a d d e r  system. I t  provides  s u f f i c i e n t  mechanical p r e s s u r e  

t o  i n s u r e  i n t i m a t e  c o n t a c t  between t h e  coo lan t  t u b e s  and occupant  wi thout  

r e s t r i c t i n g  mob i l i t y .  The f a b r i c  i s  porous t o  permi t  free f low o f  g a s  and 

water vapor ,  y e t  i t  p o s s e s s e s  adequate  s t r e n g t h  t o  l i m i t  expansion of t h e  

con ta ined  r e s t r a i n t  b ladders .  As shown i n . F i g u r e  4 and 5, t h e  b l a d d e r s  are 

con ta ined  i n  s l e e v e s  which are formed by a t t a c h i n g  a second l a y e r  of  f a b r i c  

t o  t h e  o u t e r  s u r f a c e  of  t h e  garment. Coolant t u b e s  are p o s i t i o n e d  and re- 

t a i n e d  between mani fo lds  by loops  of dacron material at  r e q u i r e d  i n t e r v a l s .  

The use  pf  an undergarment i s  not  in tended ,  a l though t h i n  nylon o r  s i l k  

may be used wi thou t  s i g n i f i c a n t  i n t e r f e r e n c e  w i t h  t h e  t r a n s p o r t  of body hea t .  

3.1.1 Material 

The suppor t ing  f a b r i c  medium i s  a one-way, s t r e t c h  f a b r i c  ( spandex) .  

(The b a s i c  c o n s t i t u e n t s  of t h e  f a b r i c  are 28% polyure thane ,  28% acetate, 24% 

p o l y e s t e r ,  and 207. ny lon) .  The e l a s t i c i t y  of t h e  material p r o v i d e s  t h e  

necessa ry  mechanical  f o r c e  t o  hold  t h e  coo l ing  t u b e s  i n  c o n t a c t  w i t h  t h e  

body and a l s o  p rov ides  a degree  of s i z i n g  adjustment .  I n  r e l a t i o n  t o  t h e  

body, material s t r e t c h  i s  c i r c u m f e r e n t i a l .  The expansion c h a r a c t e r i s t i c s  

r e a d i l y  accommodate changes i n  body c r o s s - s e c t i o n  caused by wearer' s 

movement. The open mesh c o n s t r u c t i o n  o f f e r s  l i t t l e  r e s t r i c t i o n  t o  t h e  

f r e e  pas sage  of gas o r  water vapor.  

3.1.2 S i z i n q  

S i z i n g  of t h e  i n t e r n a l  garment system w a s  determined by t h e  p e r t i n e n t  

anthropomorphic  dimensions of Messers E. G. Lyman and H. C. Vykukal of  

NASA/AMES Research Center .  Measurements of t h e s e  two s u b j e c t s  are g iven  

i n  Tab le  1. I n  a d d i t i o n ,  a p a r t i a l  mannequin o f  f i b e r g l a s s  r e i n f o r c e d  

p l a s t i c  of  M r .  Vykukal was made a v a i l a b l e .  
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F T  GURE 4 INTERNAL RESTRAINT CONFIGURATION 
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TABLE 1 
ANTHROPOMETRIC MEASUREMENTS 

OF 
G. LYMAN AND H. VYKUKAL 

NASA AMES RESEARCH CENTER 
- --___-__--__-.----.I-- 

SUBJECT 
NOMENCLATURE Vykukal Lyman D i f f e r e n c e s  

I n c h e s  I n c h e s  I n c h e s  -- 
A H e i g h t  7 1  3 / 4  70  1 / 4  1 1 / 2  
B Weight  159 179 20 
6 Cervical H e i g h t  60 3/8 60 3/8 
7 Vertical  Trunk Circum. 65 1 / 2  68 1 / 2  3 
8 Acromia l  H e i g h t  59 57 1 / 2  1 1 / 2  
9 S h o u l d e r  Circum. 44  1 / 2  45 1 / 2  1 

10 H e i g h t  S h o u l d e r  Circum. L e v e l  56 1 / 2  5 4  3 / 4  1 3 / 4  

12 S h o u l d e r  L e n g t h  6 5 1 / 2  1 / 2  
13 B i a c r o m i a l  Dia. 12 1 / 4  12 3 / 4  1 / 2  
14 I n n e r  Scye  1 6  16 1 / 2  1 / 2  
15 N i p p l e  ( t h e l i a 1 1  H e i g h t  53 5 1  1 / 4  1 3 / 4  
1 6  C h e s t  C i r c u m .  38 40 2 

15  1 / 2  1 1 / 2  17  C h e s t  B r e a d t h  1 4  
18 C h e s t  Depth  9 9 3 / 4  3/4 

2 I 19 S u b s t e r n a l  H e i g h t  51 49 
20 S u p r a s t e r n a l  H e i g h t  58 3/8 57 1 3/8 I 
2 1  Waist H e i g h t  43 1 / 4  42 1 1/4 
22 Waist Circum. 31 1 / 2  35 3 1 / 2  ' 1 1 / 4  

1 / 4  
2 3  Waist B r e a d t h  11 1 / 4  
2 4  Waist Depth  8 1 / 4  8 1 / 2  I 

25 Waist Back 19 18 3 / 4  1 1 / 4  
26  Waist F r o n t  1 6  1 6  

29 H e i g h t  o f  Hip Circum. 37 35 112 1 1 / 2  

31 B u t t o c k  Debth 
32 G l u t e a l  Furrow H t .  32 3 / 4  31 1 3 / 4  

11 S h o u l d e r  B r e a d t h  ( B i d e l t o i d )  18 3/8 19 1 / 4  7 / 8  

I 
! 

I 

l2 I 

2 8  B u t t o c k  C i r c u m .  37 40 1 / 2  I 3 1 / 2  

30 Hip B r e a d t h  13 1 / 4  1 1 4  3 / 4  

10 1 / 2  
25 27 2 

Upper  Th igh  C i r c u m .  2 1  2 3  1 / 2  2 1 / 2  
H t .  of Lwr.  T h i g h  Circum. 2 3  22 1 
Lower T h i g h  C i r c u m .  15 1 / 4  15  1 / 2  1 / 4  
Scye  C i r c u m .  18 1 / 2  19 3 / 4  1 1 / 4  

I -- 

Numbers i n  l e f t  hand column refer t o  d e s i g n a t i o n s  i n  AMRL-TDR-63-55. 
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S i z i n g  w a s  accomplished i n  two s t a g e s .  A p r o t o t y p e  garment system 

was f a b r i c a t e d  and measurements made w i t h  each of t h e  s u b j e c t s  wea r ing  it. 

These measurements t h e n  were used t o  c o r r e c t  t h e  s i z i n g  f o r  t h e  f i n a l  system. 

S i g n i f i c a n t  d i f f e r e n c e s  between t h e  two s u b j e c t s  e x i s t  i n  t h e  c h e s t  

and waist areas. Although t h e  garment and c l o s u r e s  p r o v i d e  a c e r t a i n  amount 

o f  s i z i n g ,  a d d i t i o n a l  ad jus tmen t s  are m a d e  a v a i l a b l e  v i a  a d o u b l e  Ve lc ro  

i n s e r t  f o r  the t o r s o  area t o  accommodate t h e s e  d i f f e r e n c e s .  

3 . 2  COOLANT SYSTEM DEVELOPMENT 

I n i t i a l  s t u d i e s  of t he  c o o l i n g  system were based on the concept  of u s i n g  

the same b l a d d e r s  f o r  b o t h  c o o l i n g  and i n t e r n a l  r e s t r a i n t .  A series of test  

p a n e l s  were made t o  t es t  t h e  concept  and t o  de t e rmine  f a b r i c a t i o n  methods. 
, 

3 . 2 . 1  Apparatus  

The breadboard t es t s  of t h e  c o o l i n g  system were conducted on t h e  

appa ra tus  as shown on p i c t o r a l  diagram F i g u r e  6. The coo l ing  water w a s  

c i r c u l a t e d  by a pump mounted on t h e  bottom of a r e s e r v o i r .  Flow from t h e  

pump t o  the  system w a s  r e g u l a t e d  by a v a l v e  and monitored by a flowmeter.  

The t e s t  p a n e l s  were mounted on a two f o o t  squa re  t e s t  f i x t u r e  t h a t  w a s  

designed t o  s i m u l a t e  a p o r t i o n  of  human body f o r  thermal  t r a n s p o r t  

experiments.  The tes t  f i x t u r e  c o n s i s t e d  of a t anned ,  h o r s e h i d e  c o v e r  

o v e r  a 1/8 i n c h  t h i c k  convex copper  p l a t e  s e r v i n g  as a h e a t  d i s t r i b u t o r .  

The concave s i d e  of  the  copper  p l a t e  w a s  covered w i t h  a p o t t e d  h e a t i n g  

element ( two l a y e r s  of epoxy bonded g l a s s  f a b r i c  c o n t a i n i n g  t h e  h e a t i n g  

elements) .  A h a l f - i n c h  t h i c k  pad of i n s u l a t i o n  covered the p o t t e d  h e a t i n g  

elements  and was he ld  i n  p l a c e  by a t h i n  s h e e t  of aluminum. E igh t  thermo- 

coup les  were p laced  on t h e  t e s t  f i x t u r e  t o  s e n s e  t h e  t empera tu re  of t h e  

s imulated sk in .  Temperatures  of t h e  c o o l a n t  i n t o  and o u t  of t h e  t es t  pane l  

were sensed by thermocouples mounted i n  t h e  c o o l a n t  l i n e s  a d j a c e n t  t o  t h e  

t es t  f i x t u r e .  A l l  thermocouple r e a d i n g s  were recorded on a Brown reco rde r .  

Temperature of t h e  t es t  pane l  w a s  r e g u l a t e d  by a v a r i a c  and monitored by a 

voltmeter and an ammeter as shown i n  F i g u r e  7. 
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3.2.2 Test R e s u l t s  (Coolant  System) 

T e s t  Pane l  No. 1 - The f i r s t  test  pane l  made w a s  based on a d e s i g n  

which used a n o - s t r e t c h  material and al lowed t h e  expansion r e q u i r e d  f o r  

i n t e r n a l  r e s t r a i n t  t o  be accomplished by t h e  un fo ld ing  of  t h e  material 

as shown i n  F i g u r e  8. 

LOADED POSITION 

UNLOADED POSITION 

FIGURE 8 TEST PANEL NO. 1 CROSS SECTION 

The t u b e s  were f a b r i c a t e d  by wrapping a c o t t o n  f a b r i c  coa ted  on 

one  s i d e  w i t h  unvulcanized neoprene o v e r  a mandrel and c u r i n g  i n  an oven. 

T e s t s  i n d i c a t e d  t h a t  w i t h  a n o - s t r e t c h  material, new and expens ive  p r o c e s s e s  

of f a b r i c a t i o n  would need t o  be developed t o  form t h e  b l a d d e r s  around t h e  

body. High t o o l i n g  cost r e s u l t e d  i n  t h e  r e j e c t i o n  of  t h i s  des ign .  

T e s t  Panel No. 2 

T h i s  test  pane l  w a s  based on t h e  same concept  as tes t  pane l  #l excep t  

t h e  b l adde r  w a s  made of a l i m i t - s t r e t c h  material. The b l a d d e r  material 

used was spandex coa ted  w i t h  v i n y l .  The b l a d d e r s  were f a b r i c a t e d  by 

wrapping spandex around a mandrel and d i p  c o a t i n g  w i t h  s b l i q u i d l l  v i n y l .  

P r e s s u r e  t es t s  i n d i c a t e d  t h e  d e s i g n  would g i v e  t h e  desired r e s u l t s  f o r  

t h e  r e s t r a i n t -  bledders;  however, sulaii p i n  h o i e  ieaks were v i r t u a l l y  

imposs ib l e  t o  e l i m i n a t e .  The re fo re ,  the  d e s i g n  w a s  r e j e c t e d .  

T e s t  Panel NO. 3 

To keep t h e  d e s i g n  as s imple  as p o s s i b l e ,  t h e  t h i r d  d e s i g n  concept  w a s  

based on t h e  use  of a rubber  t u b e  r e s t r a i n e d  by a l i m i t - s t r e t c h  f a b r i c  as 

shown i n  F i g u r e  9 .  
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CONDITION 

RUBBER TUBE 

SPANDEX 

FIGURE 9 TEST PANEL NO. 3 CROSS SECTION 

A 2 4  i n c h  long  test  panel  w a s  f a b r i c a t e d  u s i n g  spandex as t h e  l i m i t -  

s t r e t c h  material and rubber  gooch tubing  as t h e  b l adde r  m a t e r i a l .  Resu l t s  

of the b l a d d e r  segment were as fo l lows :  

Area of t es t  segment 24 i r ?  

Flow rate = 0.36 lb lmin  

I n l e t  t empera ture  = 45 F 

O u t l e t  t empera ture  = 52 F 

0 

0 

AT = 7 O  F 
0 Skin  tempera ture  = 88 E 

Q ( f o r  24 i r ? )  = 0 .36  l b  x rhr '" x 7 = 151.2 B t u l h r  

Q ( f o r  system) = 22 x 151.2 = 3,322 B t u l h r  

0 

The d e s i g n  had t h e  advantages  of having a l a r g e  c o n t a c t  area w i t h  t h e  

body and w a s  capab le  of p rov id ing  adequate cool ing .  The d i sadvan tages  were 

t h e  l a r g e  amount of f l u i d  i n  t h e  s y s t e m ,  and t h e  d i f f i c u l t y  of mani fo ld ing  

t h e  f low t o  p reven t  non-uniform heat exchange. 

T e s t  Pane l  No. 4 

Because of t h e  l a r g e  volume of water  r e q u i r e d  i n  t h e  s i n g l e  b l adde r  

d e s i g n s ,  a d e c i s i o n  was made t o  s p l i t  the  system i n t o  two segments,  one 

p o r t i o n  t o  be used f o r  c o o l i n g  and t h e  o t h e r  p o r t i o n  t o  be used when 

r e s t r a i n t  was requi red .  The r e s t r a i n t  p o r t i o n  c o n s i s t e d  of a rubber  t u b i n g  

incased  i n  a l i m i t - s t r e t c h  f a b r i c .  The c o o l i n g  p o r t i o n  was tygon tub ing  

incased  i n  spandex f a b r i c  ( F i g u r e  10). 
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RUBBER TUBE 

/-SPANDEX 

SPANDEX 

COOLING TUBE 
( 5 / 1 6  O.D. TYGON) 

FIGURE 10 TEST PANEL NO. 4 CROSS SECTION 

The r e s u l t s  of a t e s t  on 50 i$ ( 1 / 1 6  of  t h e  proposed system) were as 

f 0 1 lows: 

Area of t e s t  segment 50 it-? 

F l o w  = 0.57 lb/min 

I n l e t  t empera ture  = 40 F 

O u t l e t  t empera ture  = 43 F 

Q ( f o r  1/16 of system) = 3 O  F x 0.57 l b  x - 6o h r  
Q f o r  system = 102.6 x 16 = 1642 B tu /h r  

0 

0 

AT = 3 O  F 

= 102.6 B tu /h r  

The s y s t e m  as tes ted was 1000 Btu /h r  s h o r t  of t h e  d e s i g n  requirements .  

I n  a l l  o t h e r  r e s p e c t s  t h e  d u a l  system seemed adequate .  

T e s t  Panel No. 5 

A test panel  w a s  f a b r i c a t e d  us ing  t h e  same des ign  concepts  as used 

i n  tes t  Panel  No. 4 except  t h e  material used t o  cover  t h e  coo l ing  t u b e s  was 

changed t o  nylon f a b r i c  covered w i t h  Buna-N. 

Test  area = 50 i r ?  

Flow = 0.57 lb/min 

I n l e t  t empera ture  = 35 F 

O u t l e t  t empera ture  = 40° F 

0 

AT = 5 O  F 

Q ( f o r  1 /16  system) = 5 x 0.57 x 60 = 171 B tu /h r  

Q ( f o r  system) = 171 x 16 = 2763 B tu /h r  

The t e s t  i n d i c a t e d  t h a t  2500 B tu /h r  could be taken  ou t  of a 800 i9 area 

i f  the thermal  conduc t iv i ty  could be inc reased .  
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T e s t  Pane l  No. 6 

A pane l  w a s  f a b r i c a t e d  us ing  neoprene tub ing  covered wi th  spandex 

( F i g u r e  11). 

NEOP E N  E 
TUBING 

FIGURE 11 TEST PANEL NO. 6 CROSS SECTION 

The tub ing  was made 100 i n .  long t o  s imula te  1 /16  of t h e  t o t a l  system, 

The panel  was mounted on t h e  human analog and tes ts  were run as fo l lows:  

Flow rate = 0.57 lb/min 
watts Btu ( i n )  = 0.293~ - Btu loss  

- 
Btu ( l o s s )  = 34 Btu wi th  ana log  a t  90" F 

Btu ( o u t )  = 0.57 l b  x e x AT = 34.2 x AT 

System Btu = Btu ( o u t  x 16)  

Run 

1 

2 

3 

4 

5 

6 

7 

8 

Btu( i n )  

176 

17 6 

17 6 

145 

140 

138 

138 

65 

T in  

35.5 

35.5 

36 

36 

37.5 

37 

49 

67.5 

Tout  

40.5 

41 

41 

40.5 

41.5 

41.5 

52.5 

69.5 

AT Btu(out1 System Btu 

5 17 1 2736 

5.5 188 3010 

5 17 1 27 36 

4.5 154 2 465 

4.0 137 2195 

4.5 154 2 465 

3.5 120 1920 

2.0 68.4 1095 

Skin  temp. 

90 

90 

90 

90 

90 

90 

9 3 O  

9 oo 

T e s t s  i n d i c a t e d  t h a t  t h e  c o n f i g u r a t i o n  used i n  T e s t  Pane l  No.6 

s a t i s f a c t o r i l y  m e t  requi rements  p rev ious ly  e s t a b l i s h e d .  D i sc repanc ie s  i n  

Btu o u t p u t  ( r u n  No. 1 and 2 from what appears  be  be equal  i n p u t  are due 

t o  r e a d i n g  e r r o r ,  t empera ture  r eco rd ing  S y s t e m  accuracy ,  ammeter and 

v o l t m e t e r  accuracy  and l i n e  v o l t a g e  v a r i a t i o n s .  
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3 .2 .3  Material Coolant  C o m p a t i b i l i t y  

I n  t h e  l i q u i d  c o n t a i n i n g  p o r t i o n  of t h e  i n t e g r a c e d  r e s t r a i n t -  

p r e s s u r e  s u i t ,  d i s t i l l e d  water c o o l a n t  i f  used as recommended w i l l  be i n  

d i rec t  c o n t a c t  w i t h  the  aluminum s u i t  f i t t i n g s  andwith the neoprene 

rubber  t u b e  c i r c u l a t i o n  system. I f  t h e  system i s  t o  o p e r a t e  a t  35 F 

con t inuous ly ,  an a n t i - f r e e z e  mix tu re  of  water w i t h  10% e t h y l e n e  g l y c o l  

by volume should be u t i l i z e d  as the c o o l a n t  t o  p r e c l u d e  ice  f o r m a t i o n  

i n  t h e  heat exchanger. However, t h e  s t r o n g  u n l i k e l i h o o d  of prolonged 

system o p e r a t i o n  a t  t e m p e r a t u r e s  as low as 35 F has prompted t h e  

s e l e c t i o n  of d i s t i l l e d  water a l o n e  f o r  u s e  as t h e  c o o l a n t .  The o t h e r  

materials, 6061 t y p e  aluminum used f o r  t h e  s u i t  f i t t i n g s  and neoprene 

rubber  used f o r  <he c i r c u l a t i o n  system t u b i n g ,  were selected n o t  o n l y  

f o r  t h e i r  mutual c o m p a t i b i l i t y  from the s t a n d p o i n t  of  d i s s i m i l a r  materials 

and c o r r o s i o n ,  bu t  a l s o  f o r  t h e i r  ease of  f a b r i c a t i o n ,  

0 

0 

Neoprene has been chosen as t h e  material f o r  t h e  c o o l i n g  system t u b e s  

because (1) i t  i s  t h e  most compa t ib l e  w i t h  t h e  s u i t  environment of 100% 

oxygen, ( 2 )  i t  i s  r e s i s t a n t  t o  body con tamina te s ,  ( 3 )  i t s  r e s i s t a n c e  t o  

the adve r se  effects  of water i s  rated as e x c e l l e n t  when compared t o  

o t h e r  r u b b e r s  under similar environmental  c o n d i t i o n s  (Refe rence  271, 

and ( 4 )  s a t i s f i e s  t h e  need f o r  a material w i t h  as h i g h  as p o s s i b l e  thermal  

c o n d u c t i v i t y  f o r  maximum h e a t  t r a n s f e r .  

I n  l i g h t  of t h e  f o r e g o i n g ,  t h e  s u b j e c t  materials should perform 

e x c e p t i o n a l l y  w e l l  i n  t h e  in t ended  a p p l i c a t i o n .  

3 .3  RESTRAINT SYSTEM 
y*&eria?a for el-- L L I ~  restraint sysiem are t h e  same as used i n  t h e  c o o l a n t  

system. 



4.0 WORKING LABORATORY MODEL 

Based on t h e  p o s i t i v e  tes t  r e s u l t s  o b t a i n e d ,  a f u l l - s i z e  working 

l a b o r a t o r y  model of t h e  I n t e r n a l  R e s t r a i n t  System w a s  f a b r i c a t e d .  A 

schemat ic  diagram of t h e  e n t i r e  system i s  shown i n  F igu re  1 2 .  

4.1 EXTERNAL CONFIGURATION 

The e x t e r n a l  c o n f i g u r a t i o n  of t h e  I n t e r n a l  R e s t r a i n t  System i s  shown 

i n  F i g u r e  13, 1 4  and 15. The garment i s  made of spandex and resembles  a 

s l e e v e l e s s  union s u i t  . S t i r r u p s  prevent  t h e  garment l e g s  from v e r t i c a l  

d i sp lacement .  Spandex s l e e v e s  con ta in ing  r e s t r a i n t  b l adde r s  are loca ted  

around t h e  t r u n k  and th ighs .  

* 

4.1.1 C l o s u r e s  

A l l  garment c l o s u r e s  are e f f e c t e d  w i t h  nylon f a s t e n e r s  ( v e l c r o ) .  

Two main advantages  o f f e r e d  by t h e  usage of v e l c r o  are (1) i t  a f f o r d s  an 

a d j u s t a b l e  c l o s u r e  and ( 2 )  i t  i s  non-metal l ic .  

The primary garment c l o s u r e  i s  loca ted  on t h e  f r o n t  c e n t e r  of t h e  

garment and runs  from t h e  n e c k l i n e  t o  t h e  w a i s t .  Secondary c l o s u r e s  are 

l o c a t e d  on t h e  t o p  of each shou lde r  and on t h e  o u t e r  s i d e  of each  leg.  

These c l o s u r e s  a l low an added degree  of ad jus tment .  

4 .2  COOLANT SYSTEM DESIGN 

The fo l lowing  d e s i g n  i s  based on r e s u l t s  ob ta ined  from t h e  system 

development tests. 

C o n t r a c t  requi rements  s t i p u l a t e  t h a t  no t  more than  50Z of t h e  body 

area s h a l l  be u t i l i z e d  f o r  c o o l i n g  purposes.  The area covered by t h e  

c o o l i n g  system i s  t h e  same area covered by t h e  r e s t r a i n t  system except  

i n  t h e  but tocks .  The areas s e l e c t e d  con ta in  t h e  g r e a t e s t  mass and a l s o  

produce most of t h e  me tabo l i c  h e a t .  

*Sub jec t  wearing t - e h i r t  under  garment 

27 



I- 
U 
W 
Z 
Z 
0 

; n 

u Y 

3 
U 

I- 

4 
K 
I- 
v) 
W 
K 

A 
4 z 
K 
W 
I- 
Z 

f 

- 

I 
W 
I- 
v) z 
1 
d 

* 
K 

X 
3 
4 

28 





FIGURE 14 INTERNAL RESTRAINT SYSTEM (SIDE VIEW) 



F I G U U  15 INTERNAL RESTRAINT SYSTEM (REAR VIEW) 



The c o o l i n g  system c o n s i s t s  of  a series of  p a r a l l e l  t u b e s  encompassing 

t h e  body area from t h e  n i p p l e s  t o  t h e  h i p s ,  and bo th  t h i g h s  ( F i g u r e  4 and 

5 1 .  Coolant t u b e s  are ex t ruded  neoprene rubbe r ,  round i n  c r o s s  s e c t i o n  wi th  

a 1 / 4  i n c h  i n s i d e  diameter and a 1/32 i n c h  w a l l  t h i c k n e s s .  The t u b e s  are 

a t t a c h e d  t o  t h e  garment by dac ron  l o o p s  spaced a t  a p p r o p r i a t e  i n t e r v a l s .  

The t o t a l  area o f  coverage f o r  Messrs Lyman and Vykukal i s  0.56 and 0.50 

squa re  meters r e s p e c t i v e l y ,  which i s  approximately 25% of  t h e  t o t a l  body 

area. 

Coolant  f l ow i s  one g a l l o n  p e r  minute.  The t o t a l  c o o l a n t  system 

c a p a c i t y  i s  approximately 0.35 g a l l o n s  (3.00 pounds).  Coolant  medium i s  

water. Although t h e  system w a s  des igned  f o r  water o r  w a t e r - g l y c o l ,  t es t s  

i n d i c a t e  t h a t  a 2500 Btu m e t a b o l i c  h e a t  removal can probably be a t t a i n e d  

without  the g l y c o l  a d d i t i v e .  

4.3 RESTRAINT SYSTEM DESlGN 

The r e s t r a i n t  system i s  a series of p a r a l l e l  b l a d d e r s  encompassing the 

body i n  the same areas as t h e  c o o l i n g  system t u b e s  ( F i g u r e  4 and 5 )  w i t h  

a d d i t i o n a l  b l a d d e r s  being provided i n  t h e  b u t t o c k  areas. Bladders  are 

extruded neoprene rubbe r ,  round i n  c r o s s  s e c t i o n ,  w i t h  an i n s i d e  diameter 

of 7 /8  of an  i n c h  and a 1/32 i n c h  w a l l  t h i c k n e s s .  Expansion of t h e  bladders  

i s  l i m i t e d  by encasement i n  one-way s t r e t c h  material. The r e s t r a i n t  b l a d d e r s  

have no th rough  flow. Bladder volume and p r e s s u r e  i s  c o n t r o l l e d  by res t r ic t -  

i n g  the  r e t u r n  f low from t h e  s u i t  t o  the pump, t h u s  f o r c i n g  water i n t o  t h e  

r e s t r a i n t  b ladders .  A v a l v e  a t  t h e  s u i t  water e x i t  p o r t  i s  used t o  c o n t r o l  

t h e  system volume and p r e s s u r e .  Experimentat ion may i n d i c a t e  t h e  need f o r  

c o n t r o l s  t o  pe rmi t  s e p a r a t e  volume adjustment .  

Lacing on t h e  e x t e r n a l  r e s t r a i n t  system w i l l  be u t i l i z e d  t o  p r o v i d e  f o r  

p r o p e r  f i t t i n g  between t h e  p r e s s u r e  s u i t  and the i n t e r n a l  r e s t r a i n t  system. 

4 . 4  MANIFOLDS 

Manifolds  f o r  c o o l a n t  and r e s t r a i n t  systems are f a b r i c a t e d  by a neoprene 

d ipp ing  p r o c e s s  u t i l i z i n g  aluminum mandrels  f o r  t h e  desired c o n f i g u r a t i o n .  

Coolant  t u b e s  and r e s t r a i n t  b l a d d e r s  are bonded t o  t h e  man i fo lds  by means 
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of a t w o  p a r t  s e l f - c u r v i n g  neoprene adhesive (UBS Chemical C o  N-136 Ubagrip) .  

Man i fo lds  are encased i n  a l i g h t w e i g h t  dacron material and sewn i n t o  p o s i t i o n  

on the garment.  They are l o c a t e d  down the f r o n t  c e n t e r  of t h e  garment a n d  

down the  o u t e r  p o r t i o n  of  each  l e g ,  and a r e  i n t e r c o n n e c t e d .  

I n  a d d i t i o n ,  two d i s t r i b u t i o n  chambers, which may a l s o  be termed 

man i fo lds ,  are f a b r i c a t e d  from aluminum a l l o y  and p rov ide  e n t r a n c e  and 

e x i t  p o r t s  f o r  t h e  r e s t r a i n t  and c o o l i n g  system manifolds.  

4.5 INLET AND OUTLET PORTS 

I n l e t  and o u t l e t  p o r t s  are l o c a t e d  i n  t h e  l e f t  c h e s t  area t o  conform 

t o  the p r e s s u r e  s u i t  c o n f i g u r a t i o n .  The i n l e t  and o u t l e t  p o r t s  i n c o r p o r a t e  

a q u i c k  d i s c o n n e c t  v a l v e  d e s i g n  which i s  used i n  con junc t ion  w i t h  a 

S n a p - t i t e  s e l f - s e a l i n g  coupl ing.  Disconnect ing t h e s e  c o u p l i n g s  w i l l  not  

cause  p r e s s u r e  l o s s  o r  water leakage.  The f i t t i n g s ,  f o r  a d a p t a t i o n  o f  

v a l v e  t o  p r e s s u r e  s u i t  p o r t s  and v a l v e ,  a r e  f a b r i c a t e d  from a l u m i n u m  a l l o y  

and f i n i s h e d  w i t h  a ha rd  anod ic  c o a t i n g  ( F i g u r e  16 ) .  

F l e x i b l e  i n t e r c o n n e c t i n g  l i n e s  extend from t h e  p o r t s  t o  t h e i r  r e s p e c t i v e  

d i s t r i b u t i o n  chambers. 

4.6  CONTROL VALVE 

The c o n t r o l  v a l v e  i s  f a b r i c a t e d  from aluminum a l l o y  and so c o n s t r u c t e d  

t o  allow f ree  f low i n  one d i r e c t i o n  and a d j u s t a b l e  restricted f low i n  t h e  

o p p o s i t e  d i r e c t i o n .  

T h i s  v a l v e  i s  l o c a t e d  i n  tandem wi th  t h e  qu ick  d i s c o n n e c t  coup l ing  on 

t h e  s u i t  o u t l e t  l i n e ,  between it and the a u x i l i a r y  system. T h i s  l o c a t i o n  w i l l  

b e  conven ien t  f o r  t h e  s u i t  wearer t o  r e g u l a t e  t h e  o u t l e t  water f l o w  f o r  

pu rposes  of l o a d i n g  o r  unloading t h e  i n t e r n a l  r e s t r a i n t  b l adde r s .  
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5.0 AUXILIARY SYSTEM 

The a u x i l i a r y  system i s  e s s e n t i a l l y  a f l u i d  pump and hea t  exchanger 

and i s  shown i n  F i g u r e  17. F i g u r e  10 shows a schematic  diagram of t h e  system. 

I t s  f u n c t i o n a l  c h a r a c t e r i s t i c s  are d i c t a t e d  by t h e  necessary  p h y s i o l o g i c a l  

requi rements  f o r  p rope r  o p e r a t i o n  of t h e  I n t e r n a l  R e s t r a i n t  System. The 

pump p o r t i o n  of t h e  system w i l l  p rov ide  a cons tan t  one g a l l o n  p e r  minute 

f low of water ove r  a p r e s s u r e  range of 5 t o  25 p s i  gage, and t h e  h e a t  

exchanger  i s  capable  of  hand l ing  3000 Btu/hr w i t h  a 3 5 O  F o u t l e t  water 

tempera ture .  Opera t iona l  procedure  f o r  t h e  a u x i l i a r y  system i s  a t t a c h e d  

as appendix.  
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

A worklng l a b o r a t o r y  model h a s  been developed which r e s u l t s  i n  

c o n s i d e r a b l e  advancement i n  technology of support-  r e s t r a i n t  and thermal  

c o n t r o l  of a man i n  a f u l l  p r e s s u r e  s u i t .  The system p r o v i d e s  a load 

t r a n s f e r  pathway between t h e  man and t h e  I n t e g r a t e d  P r e s s u r e  S u i t  System 

by means of l i q u i d - f i l l e d  b l adde r s .  Thermal c o n t r o l  i s  accomplished by 

d i r e c t  conduct ion  of m e t a b o l i c  h e a t  from the  man t o  f l u i d - f  i l l e d  c o o l a n t  

tubes .  

The e f f o r t  t o  date on t h e  development of t h i s  system h a s  been conf ined  

t o  proving  t h e  f e a s i b i l i t y  and t h e  f a b r i c a t i o n  of a l a b o r a t o r y  model f o r  

s u b s t a n t i a t i o n  of t h e  concept .  More work remains t o  be done i f  t h i s  concept  

i s  t o  become i n t e g r a t e d  i n t o  a f u l l y  accepted service i t e m .  

F u r t h e r  e f f o r t  should  at  least  inc lude :  

Study t o  de t e rmine  t h e  p o s s i b l e  need f o r  a s e p a r a t e  shu t  o f f  va lve  

f o r  r e s t r a i n t  b l a d d e r  c o n t r o l .  

Study t o  de t e rmine  t h e  adequacy of t h e  r e s t r a i n t  system i n  terms of 

body area covered. 

Study t o  de t e rmine  t h e  f e a s i b i l i t y  of i n t e g r a t i o n  of an a n t i - g  s u i t  

f e a t u r e .  

E v a l u a t i o n  should be as t o  comfort ,  work l e v e l ,  e f fec t  of  r a i s i n g  and 

lower ing  t empera tu res  of c o o l i n g  system, concomi tan t ly  o r  p o s t  e x e r c i s e ,  

and o t h e r  v a r i a b l e s  t o  de te rmine  t h e  e f f e c t  on t h e  p h y s i o l o g i c a l  

mechani s m s  c o n t r o l  1 i n g  thermoregula t ion .  
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APPENDIX 

A u x i l i a r y  System Operat ion 

General  

The a u x i l i a r y  system w a s  des igned  t o  p r o v i d e  a c l o s e l y  c o n t r o l l e d  

f l u i d  c o o l a n t  medium f o r  t h e  I n t e r n a l  R e s t r a i n t  System. I t  w i l l  o p e r a t e  

w i t h i n  t h e  f o l l o w i n g  d e s i g n  l i m i t s :  

1. Coolan t  t empera tu re  c o n t r o l  from 35 t o  80 d e g r e e s  F wi th  a 

t o l e r a n c e  of p l u s  o r  minus 314 degree  from set temperature .  

P r o v i d e  a one g a l l o n  p e r  minute  c o o l a n t  f l o w  o v e r  a p r e s s u r e  

r a n g e  of 5 t o  25 p s i .  

Heat f i v e  g a l l o n s  of c o o l a n t  from 35 t o  80 d e g r e e s  F w i t h i n  

a p e r i o d  of 10 minu tes  and coo l  a l i k e  amount from 80 t o  35 

d e g r e e s  F w i t h i n  20 minutes .  ( t e s t  r e s u l t s  i n d i c a t e  t h e s e  t i m e  

p e r i o d s  were s u b s t a n t i a l l y  reduced) .  

2 .  

3. 

D i s t i l l e d  water, o r  an a n t i - f r e e z e  mixture  of d i s t i l l e d  water and 

10% e t h y l e n e  g l y c o l  by volume, should be used as t h e  c o o l a n t  medium. For  

c o n t i n u o u s  o p e r a t i o n  below 40 F the wa te r -g lyco l  mix tu re  must be used. 

A s i x  and one h a l f  g a l l o n  c a p a c i t y  r e s e r v o i r  c o n t a i n s  t h e  c o o l a n t  supply 

and i s  an i n t e g r a l  p a r t  of t h e  a u x i l i a r y  system. Four  r e g u l a t i n g  v a l v e s  

and a p r e s s u r e  gage are mounted on a c o n t r o l  pane l  and r e g u l a t e  both 

i n l e t  and o u t l e t  c o o l a n t  f l o w  f o r  s u i t  and r e s e r v o i r .  A p i c t o r i a l  

d e s c r i p t i o n  of t h e  A u x i l i a r y  System i s  shown i n  F i g u r e  17. 

0 

O p e r a t i o n  

1. System F i l l  

F i l l  t h e  system w i t h  f i v e  g a l l o n s  of a p p r o p r i a t e  c o o l a n t  medium u s i n g  

the f o l l o w i n g  procedure:  

( a )  C l o s e  s u i t  i n l e t  v a l v e  (SIV) and r e s e r v o i r  r e t u r n  v a l v e  ( R R V ) .  

( b )  Open s u i t  o u t l e t  v a l v e  (SOV) and RRV. 

( c )  S e t  t empera tu re  i n d i c a t o r  c o n t r o l  ( T I C )  t o  30 F and t empera tu re  
0 

c o n t r o l l e r  (TC) t o  100' F. 

( d )  Switch S1, S2, and pump motor switch (PMS) t o  t h e  on p o s i t i o n .  
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Water can now be drawn i n t o  the r e s e r v o i r  u t l i z i n g  pump s u c t i o n .  When 

f i l l i n g  i s  completed c l o s e  t h e  SOV and RRV. Open t h e  r e s e r v o i r  o u t l e t  v a l v e  * 

( R O W  and b l eed  a l l  air from t h e  system by means of t h e  petcock l o c a t e d  

at t h e  top  of t h e  h e a t e r  u n i t .  Connect s u i t  i n l e t  hose t o  t h e  a u x i l i a r y  

system and open SIV. Using the m a l e  h a l f  of t h e  qu ick  d i s c o n n e c t  coup l ing ,  

expel air from hose.  C l o s e  SIV and ROV. Connect s u i t  o u t l e t  hose t o  

a u x i l i a r y  system and 'Lnternal R e s t r a i n t  System. Open SOV and RRV. Allow 

system t o  o p e r a t e  i n  t h i s  c o n d i t i o n  u n t i l  t h e  i n t e r n a l  r e s t r a i n t  garment 

i s  evacuated o f  air .  C lose  RRV and SOV. Open ROV and a g a i n  b l eed  t h e  

system of a i r  at  h e a t e r  petcock.  Connect s u i t  i n l e t  hose  t o  i n t e r n a l  

r e s t r a i n t  garment and open SIV and SOV. Allow c o o l a n t  t o  c i r c u l a t e  f o r  

a pe r iod  o f  f i v e  t o  t e n  minu tes ,  b l e e d i n g  a i r  from system p e r i o d i c a l l y .  

The system i s  now ready t o  p r o v i d e  t empera tu re  and p r e s s u r e  c o o l a n t  c o n t r o l  

f o r  t h e  I n t e r n a l  R e s t r a i n t  System. 

2. System Con t ro l  

S l  and S2 are main power switches and remain i n  t h e  on p o s i t i o n  u n t i l  

a complete shutdown of t h e  system i s  d e s i r e d .  S3 i s  a h e a t e r  e lement  c o n t r o l  

switch w i t h  p o s i t i o n  d e s i g n a t i o n s  of  h i g h  and low. High p o s i t i o n  demands 

f u l l  9KW power of t h e  h e a t e r  and low p o s i t i o n  u t i l i z e s  2 /3  of t h i s  power. 

F u l l  h e a t e r  power i s  only necessa ry  f o r  a r a p i d  i n c r e a s e  i n  c o o l a n t  

t empera tu re  f r o m  35 t o  80 d e g r e e s  w i t h i n  t h e  p r e v i o u s l y  s p e c i f i e d  t i m e  

l i m i t .  Nornal system o p e r a t i o n  w i l l  u t i l i z e  t h e  l o w  p o s i t i o n .  

The TC i s  a thermoswitch f o r  c o n t r o l l i n g  t h e  condenser  u n i t .  I t  w i l l  

a c t i v a t e  the condenser  u n i t  on a c o o l a n t  t empera tu re  rise above t h e  

i n d i c a t e d  d i a l  s e t t i n g  and v i c e  v e r s a .  The t empera tu re  s e n s i n g  t o l e r a n c e  

i s  between 3 and 5 degrees .  

After system f i l l  procede as fo l lows :  

(a )  Dial T I C  r ed  p o i n t e r  t o  d e s i r e d  temperature .  

( b )  Turn compressor s tar ter  (CS)  on and d i a l  TC t o  t h e  a p p r o p r i a t e  

s e t t i n g .  The TC s e t t i n g  should always be 5 d e g r e e s  lower than  

t h e  T I C .  
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( c )  Black p o i n t e r  on T I C  i s  t h e  actual s u i t  i n l e t  water temperature .  

I t  may be necessa ry  t o  a d j u s t  t h e  reset, loca ted  under t h e  lower f r o n t  

cover  of t h e  TIC, t o  o b t a i n  c o r r e c t  c y c l i n g  and ma in ta in  the s e t  t empera ture  

w i t h i n  d e s i r e d  t o l e r a n c e .  Only small incremental  ad jus tments  are necessary  

when u t i l i z i n g  t h e  reset. 

The o p e r a t o r  should be familiar w i t h  t h e  i n s t r u c t i o n  and i n s t a l l a t i o n  

manuals on t h e  component p a r t s  of t h e  Auxi l ia ry  System. 
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